. Methods: Multifaceted intervention approaches were tailored based on a contextual analysis of practice support needs. Data were collected from practices by facilitators at baseline and again at project close, with self-reported data regularly requested from practices throughout the projects. Results: Halving undiagnosed CKD as per aim was exceeded in 3 of the 4 projects. The optimising BP aim was met in 2 projects. Total CKD cases after the programme increased by 2,347 (27%) from baseline to 10,968 in a total adult population (aged ≥18 years) of 231,568. The percentage of patients who managed to appropriate BP targets increased from 34 to 74% (P1), from 60 to 83% (P2), from 68 to 71% (P3), and from 63 to 76% (P4). In nonproteinuric CKD patients, 88, 90, 89, and 91%, respec- tively, achieved a target BP of <140/90 mm Hg. In proteinuric CKD patients, 69, 46, 48, and 45%, respectively, achieved a tighter target of <130/80 mm Hg. Analysis of national data over similar timeframes indicated that practices participating in the programme achieved higher CKD detection rates. Conclusions: Participating practices identified large numbers of "missing" CKD patients with comparator data showing they outperformed non-QI practices locally and nationally over similar timeframes. Improved BP control also occurred through this intervention, but overall achievement of the tighter BP target in proteinuric patients was notably less.
Background
Chronic kidney disease (CKD) is a serious public health issue with a worldwide prevalence of 8-16% [1] , increasing to around 25% in individuals older than 60 years [2] . International evidence from varied populations suggests that many people with CKD remain undiagnosed, poorly managed, or both [1] [2] [3] [4] . Guidelines have been available for over a decade, synthesising evidence on diagnosing and managing CKD [5] [6] [7] . Production of clinical guidelines does not guarantee automatic, immediate, or easy translation into clinical practice [8, 9] . Implementation appears to be a complex phenomenon encompassing practitioner beliefs; commitment; knowledge and confidence; the organisation of healthcare processes; systems and delivery; and applying disease-specific guidelines in multimorbid patients. Such complexity has prompted a call for multifaceted, tailored interventions to be applied to address this evidence-into-practice divide [10, 11] . Questions remain as to how best to tailor multifaceted interventions so they are effectively matched to different contexts [12, 13] . Qualitative research has demonstrated specific challenges around CKD [14] . These include disagreement about whether it is a true disease or represents normal aging; difficulties explaining the condition to patients without frightening them; and scepticism coupled with problems achieving blood pressure (BP) targets. National reporting of CKD stages and management within English National Health Service (NHS) primary care began in 2006 as part of the pay-for-performance (PfP) contract. This paper describes a phased multifaceted programme of improvement in CKD care in the Greater Manchester (GM) conurbation of the NHS: 
Study Design

Setting
The CKD programme was delivered by the National Institute for Health Research Collaboration for Leadership in Applied Health Research and Care Greater Manchester (NIHR CLAHRC GM). Between 2009 and 2014, it involved 49 primary care practices, split across 4 projects (practice population 231,568 of 2.19 million aged 18+ years). Published data before P1 baseline suggested that the recorded prevalence of CKD patients in GM was considerably lower than prevalence estimates [15] . Further study data [16] were published during P1, which were considered by the Project Advisory Group (the "Expert Faculty") to more accurately represent the prevalence gap -and so initial targets for P1 were adapted in line with The key learning from P1 was synthesised into a CKD Improvement Guide (Fig. 2) identifying key aspects for improvements in CKD care. This has been previously reported [19] , but included (1) validating the existing practice CKD diagnoses; (2) identifying patients who could be immediately diagnosed with CKD and screening patients with eGFR results indicative of CKD; (3) testing for and identifying proteinuria status; (4) ensuring that the patients were aware of their CKD and optimising care regimes primarily through BP control; and (5) introducing methods to sustain practice improvements. Another UK research study simultaneously produced a software programme that could identify and check CKD register codes; identify patients for further testing; detect patients not meeting recommended BP targets; and highlight patients at risk of progressive CKD. This was combined with the Improvement Guide to produce a Computer Decision Support (CDS) tool known as IMPAKT TM (Improving Patient Care and Awareness of Kidney Disease Progression Together) [20] . Local IT support installed and ran IMPAKT TM for practices in P2-4. P2 was also run as a traditional QI collaborative (although with some key differences, see Table 1 ), but P3 and P4 were blended CKD improvement projects, for example, with fewer opportunities for shared learning between practices as the frequency and length of learning sessions were repeatedly reduced. This development of methodology was a result of competing resource demands, financial pressures, leadership attention, and belief that the replication of known/proven improvements (e.g., the CDS) made the achievement of equivalent results "easier."
The CDS tool had unintended benefits for the accuracy of CKD registers by providing clinical data at baseline to support the aforementioned validation stage. This helped facilitators to build the case for change by discussing examples with practices where evidencebased care had not been followed and to structure the education process accordingly. It also meant that, as detection of CKD increased in later stages of the project, facilitators were confident that newly identified patients were valid diagnoses. 
Data Measures
Objective 1: Halve the gap between recorded and estimated CKD prevalence. This aim was chosen rather than a fixed % increase because of the inter-practice variation in baseline prevalence. Patients were regarded as "recorded" if they had been coded with a CKD diagnosis on the practice's clinical system. Estimated prevalence was calculated by mapping practice age/ sex data against a modelling tool developed from previous study findings [16] . In P1, 4 of the 19 participating practices, all from 1 health economy, only worked on the first objective due to simultaneous participation in a local improvement initiative targeting hypertensive patients (data shown in Appendix 1).
Monthly data were collected from practices to track progress against the programme measures. Practices constructed and ran searches on their clinical systems to complete a CLAHRC-designed Excel template -standardising the recording of data by practice teams in P1 and P2. In P3 and P4, this template was populated by CLAHRC facilitators during practice visits using PfP data held on clinical systems.
Project close data were self-reported by practices in P1 using the same search template that reported monthly data. In P2-4, facilitators collected this information by manually checking information at each practice. Template-based practice-reported data were satisfactory for the facilitators to use to guide practice improvement, but not considered accurate enough to provide rigorous outcome data. The manual data collection also allowed P3 and P4 to use the same BP targets as P1 and P2 for outcome measures after practices had stopped using the bespoke monthly template; and enabled timeframes to be applied to CKD management measures (Objective 2).
Tailoring Strategies
The frequency of practice visits by facilitators was titrated to the assessed needs and availability of the practice -and supported by regular telephone/e-mail correspondence and progress reports. Individual outcome measures and run charts were reviewed per practice and results were benchmarked to identify high-/low-achieving practices. A structured assessment framework, based on previous research into the factors that influence the success of improvement initiatives in healthcare was used to inform a tailored practice-level facilitation plan [21, 22] . This addressed a range of structural, cultural, political, educational, and technological characteristics that might be acting to facilitate or impede progress.
Analysis
Outcome data were analysed using run charts. Practices received monthly feedback in comparative dashboards (see Appendix 2). Numbers of patients screened for proteinuria (of those with recorded CKD) were sampled as a process measure.
Results
Objective 1
In all projects, the recorded CKD prevalence increased (Table 2 ; Appendix 3). This meant that 3 of 4 projects exceeded their target of diagnosing 50% of modelled undiagnosed CKD (by 147-161% of target) and 1 project achieved 92% of target (P1, in which development work was conducted in IT searches that informed the subsequent phases). In total, practices added 2,347 patients to CKD registers (a 27% increase from baseline) which equated to an average prevalence change of +0.9% (range 0.5-1.4%). Due to variation in baseline CKD registers compared to estimates, the individual practice targets for identifying additional patients ranged between -29 and 251. Marked variances in estimated prevalence resulted from geographical location/demographics of local populations. For example, in P4 the estimated average local prevalence was 2.1% compared to 4.3% nationally because the catchment area was heavily populated by students and young professionals. Appendix 4 shows the P2 variation in achievement before and after the intervention to provide a sense of additional work required during the improvement year.
It was beyond the scope of the QI programme to have matched controls. However, we compared our outcomes with simultaneous non-intervention practice PfP data within the same local health economies and used national performance as a further comparator (Table  2) . These data demonstrated general increases in prevalence concurrent with P1, most likely driven by the PfP system and further improvements in awareness of CKD through laboratory reporting of CKD stages on routine bloods. The P1 practices still demonstrated a close to 2-fold increase in CKD prevalence compared to local comparator practices. During P2-4 (2011-2014), there was very little change in prevalence achieved either locally or nationally, but the QI practices did demonstrate a considerable uplift in the number of patients on their CKD registers.
Objective 2
Meeting this objective required testing all recorded CKD patients for proteinuria to triage them to the appropriate target BP. Proteinuria testing was added into the PfP framework just prior to P1 (n = 19 practices) baseline. Therefore, few CKD patients on practice registers had been tested for proteinuria (35%). This accordingly meant that they started with a low number of CKD patients achieving the programme targets for BP control (as they could only score "achieving" if a proteinuria check was available and therefore target BP known). The percentage of patients who managed to appropriate BP targets in P1 increased from 34 to 74%. By P2, proteinuria testing had become routine and practices in P2-4 started from much improved baselines (92, 74, and 82%). An average of 9% of registered CKD patients within the programme had proteinuria (range 4-20% -based on data collected at the end of each project). Appendix 1 and Figure 3 show BP achievement throughout the programme. P3 and P4 were delivered within reduced project resources and constrained availability of practice time in the context of systemic NHS reform. One consequence was the aforementioned change in approach to regular practice data collection, reducing the quality and frequency of data available to facilitators. There were no data available on the tighter BP target in proteinurics as this was never included in the PfP framework. In-depth manual data collections were continued at project close by facilitators to accurately record overall practice achievements against objectives. Improvements in overall BP management were recorded throughout the programme. 74% of patients met the overall BP aim in P1, 83% in P2, 71% in P3, and 76% in P4. Achievement of target BP was consistently poorer in the subset of proteinuric patients in each project. Figure 3 highlights the discrepant achievement of BP control in those with versus those without proteinuria. Most practices did improve the number of patients at target in the proteinuric group, although considerable variation was noted.
Discussion
The practices in this initiative demonstrated improvements in the accuracy, size, and management of their CKD registers over 12-month projects. The improvement programme had no formal control arm, but national PfP data enabled us to compare achievements with nonparticipating local practices and national comparators. This showed that intervention practices outperformed both in improving CKD identification throughout the programme.
Topic selection and design of the aims appear to influence whether a QI project will be successful [23] . Identifying a baseline "prevalence gap" was contentious as research evidence on prevalence was limited and the true number of people with CKD in the UK was unknown. This was tackled in 3 ways. Firstly, we involved opinion leaders from both nephrology and primary care in the Expert Faculty (e.g., the National Clinical Director for Kidney Care). Secondly, the aim to "halve the gap" provided flexibility since the true upper limit was unknown. Thirdly, the evidence base (with attendant limitations) was transparently acknowledged with participating clinicians. Data concurrent with P1 demonstrated general local and national increases in prevalence. The improvement practices still demonstrated an almost 2-fold increase in CKD prevalence compared to local comparator practices. During P2-4 (2011-2014), there was very little or no change in CKD prevalence achieved either locally or nationally, but the improvement practices recorded a relative increase between 16 and 28%. These comparator data therefore suggest that this multifaceted programme did result in practices identifying "missing" CKD patients. BP was used as a proxy measure for improved overall CKD care because of the proven association between improved BP control and reduced risk of vascular events. Practices reported multiple improvements required to achieve this aim (Fig. 2) -including introducing new protocols; winning hearts and minds of colleagues; better data handling and coding; increased and faster use of 24-h ambulatory BP to establish actual BP control; addressing education/training needs; numerous microsystem changes to test (and retest borderline results) for proteinuria across the whole CKD register; overcoming patient anxiety; improving patient information resources; changing or introducing both virtual and face-to-face structured patient reviews that reflected multimorbidity management requirements (addressing holistic needs such as exercise, weight management, salt reduction); prescribing and followup of new vasoactive agents.
Improved achievement of BP control was evident in all projects, but the inter-practice variation of achievement was reduced from P2 onwards. This can be attributed, at least in part, to the elements added between P1 and P2 that improved the efficiency with which the initial stages of improvement could be implemented (leaving more time to focus on the second objective) -in particular the CDS tool.
International data highlight the need for targeted interventions to tackle BP management in CKD. Despite an almost 11% increase in attainment of BP readings after introduction of PfP in a single health economy in England, almost half of all stage 3-5 CKD patients did not achieve a BP of 145/85 mm Hg in 2010 [24] . A 2013 UK primary care cohort study involving 32 practices found that BP control was suboptimal despite PfP, with 42% not achieving the NICE BP target, 40% not achieving the KDIGO BP target, and 64% not achieving the stricter KDOQI BP target [25] . Low numbers achieving <140/90 mm Hg have also been reported in the Kidney Early Evaluation Program (13.6%) [26] , the Turkey-CREDIT Study (13.4%) [27] , and the MERENA Spain cohort (40.8%) [28] .
An average of 9% of the CKD register in our practices had known significant proteinuria and therefore a lower BP target (range 4-20%; NB an average of 90% of the CKD register was tested so this is incomplete as a measure of true proteinuria prevalence). Presumably, the variation in prevalence largely reflected differences in prevalence of type 2 diabetes, for example reflecting local ethnic case mix. We saw wide variation in whether practices achieved the lower BP target in this subset of patients -e.g., the range in P2 was 9-67% (see Appendix 4) . These smaller numbers may well represent the very high-risk patients for progressive CKD. A recent meta-analysis suggests that they are at high risk for cardiovascular events, especially heart failure and cardiovascular death [29] .
Despite reports of existing interventions drawing on improvement methods known to effect positive behaviour change in some settings such as academic detailing, care bundles, and rapid cycle improvement -the outcomes reported are variable, underlining the complexity of achieving change which is highly context dependent in multimorbid and elderly patients [12, [30] [31] [32] [33] [34] [35] [36] [37] [38] . In 2013, the largest study to date, QICKD, reported its outcomes [36] . This was a cluster randomized controlled trial of 93 primary care practices examining an audit-based education strategy. They reported a 2.41 mm Hg improvement in BP in the audit-based education practices compared to the other arms. This gained an extra 2.8% of CKD patients achieving the target BP of <140/80 mm Hg. The authors noted that "it is known that at the population level a reduction of 5 mm Hg produces a reduction of about 34% in stroke and 21% in IHD." The question remains whether clinical benefits are proportionate to the resource input. We believe one key difference between our multifaceted intervention and that deployed in QICKD was the enabling approach of our facilitation model, which is supported by a growing evidence base [39] . In our setting, the initially resource-intensive model was streamlined throughout P2-4.
Other interventions that hold much promise in CKD include the ones that target deteriorating or at-risk patients; these have included electronic population management via databases with "push" messages sent to primary care physicians or unsolicited risk-driven nephrologist consultations offered [40, 41] .
We found that QI engagement in this setting is far better received when aligned with PfP targets; tied in with local strategic planning, including financial remuneration to secure protected time of site members to make improvements; a method of sharing evidential clinical data from the practice setting (e.g., CDS) is made available; there is a local clinical champion to provide expert leadership; and the clinical case for change is clearly demonstrable from outcomes elsewhere [42] . Our approach blended clinical guidelines with an evidence-based approach to implementation. We combined elements of structure and direction (e.g., the collaborative model and the CDS tool) with flexibility and responsiveness (e.g., facilitators and practice level assessment and support). This is consistent with recent reports of improvement programmes which highlight the benefits of combining so-called "let-it happen," "help-it happen," and "make-it happen" change strategies [43] . Our findings also demonstrate how difficult it is to achieve consistent levels of improvement across multiple practice settings. This reinforces the fact that variation is inherent in complex interventions [44, 40] .
Limitations
As a QI programme and not a controlled trial, there are a number of significant limitations to our work. We did not have a record of actual BP but self-reported achievement against targets during P1 and PfP data extracted by the facilitators during P3 and P4. The actual change in mm Hg is unknown. In the absence of controls, we do not know how practices in the programme performed in terms of BP management compared to non-intervention practices. Finally, it was beyond the scope of our work to conduct an in-depth measurement of how any improvements were sustained in practices medium-to long-term after the intervention -and how resilient improvements were in the face of competing clinical priorities and service pressures.
Conclusions
This complex intervention demonstrated successes in increased identification and management of patients with CKD. This has the potential to reduce the longer-term consequences of undiagnosed or suboptimally managed CKD for the healthcare system.
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Objective 1 CKD prevalence -overall percentage achievement of patients found to reach target in P1-4. 
